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Description 



This invention relates to an optical touch input de- 
vice comprising an array of sensing elements each of 
which comprises a photosensitive device responsive to 5 
light input from a light source and a switching device. 
The invention relates also to a display device incorpo- 
rating such an optical touch input device. 

Optical touch input devices of the above kind can 
be used as means for inputting information, for example 10 
in the form of numerals, characters, pictures and the 
like, and may be employed for example as an interface 
in a computer system. Information can be entered by a 
user into the system by writing over the array with a light 
pen, the movement of the pen being detected by moni- is 
toring the behaviour of the sensing elements. An exam- 
ple of such a device is described in US- A-4345248. This 
device comprises also a matrix liquid crystal display, the 
array of sensing elements being integrated with the ar- 
ray of display elements in a common panel. The sensing 20 
elements are arranged in rows and columns and are 
connected to drive and detection circuits via row and col- 
umn conductors with the photosensitive device of a 
sensing element being coupled to respective row and 
column conductors through its switching device, which 25 
comprises a TFT (thin film transistor). The photosensi- 
tive device comprises a pair of pn junctions coupled 
back to back and becomes conductive when illuminat- 
ed. As such the photosensitive devices are responsive 
to various levels of illumination , and can respond to am- 30 
bient illumination in addition to light from a light pen. The 
sensing element array is operated by applying a gating 
signal to the TFTs of each row in turn so as to connect 
the photosensitive devices of the row of sensing ele- 
ments to a detection circuit which is responsive to an 35 
increase in the conductance of a photosensitive devices 
caused by illumination from a light pen. Consequently, 
for an input to be detected the illumination of a sensing 
element must coincide with the gating of the TFT of the 
sensing element concerned. 40 

In US-A-4655552 there is described a matrix liquid 
crystal display device with an integrated light sensing 
element array in which the arrays of display and sensing 
elements are addresed via separate sets of row and col- 
umn conductors. Each sensing element comprises a 45 
photodiode and an output diode connected back to back 
between a row conductor and a column conductor, and 
a storage capacitor connected at its one side to the node 
between the two diodes and at its other side to the row 
conductor. The photodiode produces a leakage current so 
which is generally proportional to the level of incident 
light. A scanning signal is periodically applied to the row 
conductor while a fixed potential is applied to the column 
conductor and the condition of the sensing element is 
determined by sensing the current flow in the column 55 
conductor during scanning which is dependent on the 
potential existing at the node between the photodiode ' 
and output diode. The sensing response of this type of 



sensing element is dependi^oth on light and time. 
The potential at the node changes in the interval be- 
tween scanning according to the level of illumination ap- 
plied to the photodiode and also the time for which that 
illumination is applied. The sensing element has an in- 
tegrating function and measures the total amount of light 
which falls on the. photodiode in the interval between 
scanning and can not discriminate between a high level 
of light intensity applied for a short time and a compar- 
atively low level of light intensity applied for a longer 
time. This can lead to problems in operation. Thus, for 
example, a relatively high level of ambient illumination 
could produce the same response as that achieved with 
a light pen. Moreover, with this type of sensing element 
there will be a limit as to the speed at which the pen can 
be moved over the sensing elements for a given level 
of ambient illumination if detection is to be ensured. 

Further examples of optical touch input devices 
comprising arrays of sensing elements are described in 
EP-A-0490683 and EP-A-0491436. These devices can 
also suffer from similar kinds of operational problems in 
discriminating intended light inputs. In the former case, 
each sensing element includes a FET transistor whose 
gate-channel capacitance is periodically charged and a 
photoconductive device connected to the gate of the 
transistor through which charge stored in the gate-chan- 
nel capacitance is discharged upon the photoconduc- 
tive device being illuminated. In the latter case, each 
sensing element includes a capacitor which is periodi- 
cally charged and a photosensitive element such as a 
photodiode which is connected across the capacitor and 
discharges the capacitor upon being illuminated. 

It is an object of the present invention to provide an 
improved optical touch input device. 

More particularly, it is an object of the invention to 
provide an optical touch input device in which the sens- 
ing elements are adapted to distinguish more clearly be- 
tween an intended input, for example from a light pen, 
and, for example, the effects of ambient light. 

According to the present invention, there is provid- 
ed an optical touch input device comprising an array of 
sensing elements, each of which sensing elements 
comprises a photosensitive device responsive to a light 
input from a light source, a switching device, and a 
charge storage means which is charged periodically by 
operation of the switching device, and detection means 
connected to the sensing elements for detecting period- 
ically the state of charge of their charge storage means, 
the photosensitive device comprising a part of a dis- 
charge switch circuit having a light intensity operational 
threshold characteristic which is connected to the 
charge storage means and which independently of the 
operation of said switching device switches to discharge 
the charge storage means in response to light falling on 
the photosensitive device which is at or above a prede- 
termined minimum intensity level and which when the 
light falling on the photosensitive element is below the 
predetermined minimum intensity level does not switch 
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to discharge the charge storao^^ans. In this device, 
therefore, the sensing eiemerj^Bb rendered capable 
of readily distinguishing between light from a light 
source, for example a light pen, and ambient light, as- 
suming that the former has greater intensity than the lat- 
ter. The discharge circuit introduces an optical threshold 
effect wherein the state of a sensing element, and more 
particularly the charge state of the charge storage 
means, for example a capacitor, is changed only in re- 
sponse to the sensing element being exposed to illumi- 
nation of sufficient level so as to reach the optical thresh- 
old of the sensing element. In practice, the threshold lev- 
el can be set by selecting component values so that it 
lies above the level which can be expected for typical 
ambient lighting but below the level which can be 
achieved by known light sources, for example incorpo- 
rated in a light pen. Consequently, a clear, unambiguous 
indication of "touching" of the sensing elements is ob- 
tained and the possibility of a sensing element being af- 
fected by light from ambient surroundings to cause an 
unwanted indication is prevented, or at least significant- 
ly reduced. Moreover, the prolonged exposure of the 
sensing elements to ambient lighting levels has no ef- 
fect. 

The switching behaviour of the discharge switch cir- 
cuit ensures a desirable positive response to intended 
inputs and is advantageous in obtaining a fast response 
which is needed if rapid pen movements are to be de- 
tected. Implementation of the circuit can be simple. Con- 
veniently, the switch circuit of each sensing circuit in- 
cludes switch means, for example a field effect transis- 
tor, connected across the charge storage means and 
operable by control means which includes the photo- 
sensitive device. With such a circuit the threshold level 
can be readily selected. The control means may com- 
prise a photosensitive potential divider circuit. Alterna- 
tively, the control means may comprise a photovoltaic 
circuit, for example comprising one or more photodi- 
odes, producing a voltage in response to illumination. 
When the incident illumination exceeds the predeter- 
mined intensity level, the control means operates the 
switch means to discharge the charge storage means 
upon the voltage of its control (gate) electrode reaching 
its operating threshold voltage. Switch means compris- 
ing field effect transistors have a fairly sharply defined 
gate threshold for switching. This switching of the switch 
means occurs very rapidly and consequently the sens- 
ing element is capable of responding to illumination of 
very short duration, as would happen if the light source 
being moved over the array of sensing element quickly. 

Although the sensing elements require additional 
components, this does not cause undue complication. 
In practice, the array of sensing elements is preferably 
formed on an insulating support using thin film technol- 
ogy to fabricate the components and their interconnec- 
tions. Thus the switching devices and switch means 
may comprise thin film transistors. 

Preferably, the array of sensing elements is ad- 
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dressed via sets of rc ^^B^ column conductors to which 
the switching device^re connected and each sensing 
element is driven by applying a selection signal to an 
address conductor of one set to turn on the element's 
s switching device and by applying at the same time a volt- 
age signal to the associated address conductor of the 
other set whereby the charge storage means is charged 
according to the level of the applied voltage. If, thereaf- 
ter, the sensing element is illuminated by the light source 
10 the charge storage means is discharged. The charge 
state of a sensing element can then be detected when 
the sensing element is next addressed, by sensing the 
charging characteristics. Thus detection is not depend- 
ent on the simultaneous illumination of the sensing ele- 
- *s ment, and sensing elements illuminated at any time in 
the interval between successive addresses can be iden- 
tified. Consequently, the possibility of illuminated sens- 
ing elements being undetected due to fast movement of 
the light pen is avoided. 
20 In a preferred embodiment of the invention, the op- 
tical touch input device is combined with a matrix display 
device comprising an array of display elements each of 
which comprises a display element electrode, with the 
array of sensing elements being integrated with the ar- 
2S ray of display elements on a common support. The dis- 
play elements may each include a switch element such 
as a TFT and in this case both the array of sensing el- 
ements and the array of display elements may share the 
same sets of row and column address conductors for 
30 convenience. In this case, the selection signals applied 
for example to the row conductors to operate the switch- 
ing devices of the sensing elements serve also to oper- 
ate the switching elements of the display elements, and 
the data signals for the display elements which are ap- 
3S plied to the column conductors serve as the voltage sig- 
nals for charging the charge storage means of the sens- 
ing elements. An integrated active matrix display device 
and optical touch input device driven In this manner is 
described in EP-A-0491436. 
40 By using the drive signals applied for display purposes 
also to drive the sensing elements through shared sets 
- of row and column conductors considerable simplifica- 
tion of the device's display and sensing elements panel 
and the associated driving circuitry is obtained. 
45 An optical touch input device, and particularly an in- 
tegrated optical touch input and display device, in ac- 
cordance with the invention will now be described, by 
way of example, with reference to the accompanying 
drawings, in which:- 

$o 

Figure 1 is a schematic diagram of the integrated 
optical touch input and liquid crystal display device; 
Figure 2 is a schematic circuit diagram of a part of 
an optical touch input/display panel of the device 
55 illustrating particularly one form of a typicarsensing 
element combined with a picture element of the 
panel; 

Figure 3 illustrates typical waveforms and relative 
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timings present in operation of the device of Figures 
1 and 2; and 

Figure 4 is a schematic circuit diagram, similar to 
Figure 2, illustrating another form of sensing ele- 
ment s 

Although the particular embodiment of the invention 
which will be described is in the form of an integrated 
display/optical touch input device, it should be under- 
stood that the invention is not restricted to such integrat- 10 
ed devices but relates to optical touch input devices gen- 
erally, either as a stand-alone device for use as in input 
device to, for example, a computer system or in combi- 
nation with a display device other than in an integrated 
manner, for example as a device for overlaying a display is 
screen but fabricated separately therefrom. 

Referring now to Figure 1, the integrated opticaF 
touch input/display device comprises an active matrix 
addressed liquid crystal display panel, 10, having a row 
and column array of individually operable picture ele- 20 
ments which consists of m rows (1 to m) with n horizon- 
tally arranged picture elements (1 to n) in each row. 
Each picture element, referenced at 12, is located at a 
respective intersection between crossing sets of m row 
address conductors 14 and n column address conduc- 25 
tors 16. Only a few of the picture elements are shown 
in Figure 1 , for clarity. The panel is suitable to provide a 
datagraphic display or a picture display. 

The panel 1 0 also comprises a matrix array of sens- 
ing elements, 18, integrated with the array of picture el- 30 
ements, there being one sensing element located adja- 
cent each picture element 1 2, except for the first column 
of picture elements, giving a high resolution sensing ca- 
pability. 

The circuit of an example of one typical combination 35 
of picture and sensing elements is shown in Figure 2. 
The picture element 1 2 comprises a switching device in 
the form of a thin film field effect transistor, TFT, 20 con- 
nected with a liquid crystal display element 21, the im- 
pedance of the display element being represented by a *o 
capacitor. The gates of ail TFTs 20 of the picture ele- 
ments in one row are connected to a respective one of 
the row address conductors 1 4. The sources of all TFTs 
20 of picture elements in one column are connected to 
a respective one of the column address conductors 16. 45 
The drain terminals of the TFTs 20 are connected to a 
first electrode 22 of their associated display elements 
21 . As in standard practice in matrix liquid crystal display 
devices using TFT switches, the sets of row and column 
address conductors 14 and 16, the TFTs 20, and the so 
display element first electrodes 22 are all carried on a 
transparent supporting plate of insulating material, for 
example glass. The panel 10 comprises a second trans- 
parent supporting plate arranged parallel to, and spaced 
from, this supporting plate, which second plate carries ss 
a continuous transparent conductive layer constituting 
an electrode, 23, common to all display elements. Twist- 
ed nematic liquid crystal material is disposed between 
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the two plates, the plates beinpPEaled together around 
their periphery. The opposing plates are provided inter- 
nally with orientation layers and externally with polaris- 
ing layers in the usual manner. 

Each sensing element 18 includes a switch device 
comprising a TFT 24. In similar manner to the TFTs 20 
of the picture elements, the gates of all TFTs 24 of sens- 
ing elements in the same row and connected to a re- 
spective one of the row address-conductors 14 and the 
sources of all TFTs 24 of sensing element in the same 
column are connected to a respective one of the column 
address conductors 16. The drain of the TFT 24 of a 
sensing element is connected to one side of a charge 
storage means 25 in the form of a capacitor. The other 
side of the capacitor is connected to an adjacent row 
address conductor 14 associated with the next row of 
picture/sensing elements, in an alternative arrangement 
the capacitor of a sensing element may instead be con- 
nected to a dedicated auxiliary row conductor which ex- 
tends in the row direction parallel to and between adja- 
cent row address conductors 14 and which is common 
to the capacitors of ail sensing elements in a row. In a 
further alternative arrangement, the source of the TFT 

24 may be connected to the same column address con- 
ductor 1 6 as the TFT 20 rather than the adjacent column 
conductor associated with the adjacent column of pic- 
ture elements as shown. 

The sensing element 18 further includes a dis- 
charge circuit connected in parallel with the capacitor 

25 between the source of TFT 24 and the adjacent row 
conductor 14 which comprises a further TFT, 27, acting 
as a switch and having a fairly sharply defined gate 
threshold, whose source and drain terminals are con- 
nected respectively to opposite sides of the capacitor 
25, and control means for controlling the switching op- 
eration of the TFT 27. The control means includes a pho- 
tosensitive device and comprises a potential divider cir- 
cuit connected in parallel with the TFT 27 and consisting 
of a photosensitive resistor 28 and light shielded resistor 
29 connected in series with the node between the two 
resistors, indicated at 30, being coupled to the gate ter- 
minal of the TFT 27. 

The components 24, 25, 27, 28 and 29 of all the 
sensing elements in the array, together with their inter- 
connections, are provided on the same supporting plate 
as the TFTs 20, the first electrodes 22 of the display el- 
ements 21 , and the sets of row and column address con- 
ductors. The arrays of picture and sensing elements and 
the sets of row and column address conductors are fab- 
ricated on the supporting plate using technology com- 
monly employed in the manufacture of active matrix liq- 
uid crystal display devices. This technology, which typ- 
ically involves the deposition and definition of superim- 
posed thin film layers, is well established and widely 
documented and it is not thought necessary therefore 
to describe here in detail such fabrication techniques. 
Examples of suitable manufacturing processes are de- 
scribed in the aforementioned US-A-4,345,248, details 
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of which are incorporated hj^Htby reference. The TFTs 
20, 24 and 27 may compriS^'drogenated amorphous 
silicon TFTs, and the photo-resistors 28 and resistors 
29 may comprise amorphous silicon material. The dis- 
play element electrodes can comprise ITO, and the row 
and column conductors and the plates of the capacitors 
25 may comprise metal, for example aluminium or chro- 
mium, or ITO. Other materials can of course be used, 
as will be apparent to persons skilled in the art. 

The photosensitive device can comprise other 
forms of photo conductive devices which exhibit an in- 
crease in conductance in response to being illuminated. 
For example, a photo-diode, comprising a pin, nip, 
Schottky, or other like photo-diode, could be used. Also, 
the photosensitive element could be a kind of phototran- 
sistor in the form of a TFT whose gate is connected to 
its source: The resistor 29 could comprise a similar TFT 
which is shielded from light. 

The integrated device is operated in a manner sim- 
ilar to that described EP-A-0491 436. Briefly, and refer- 
ring to Figure 1, the picture and sensing elements are 
driven by way of a row drive circuit 34, comprising a dig- 
ital shift register, controlled by a timing and control circuit 
35, and a column drive circuit 36, comprises a sample 
and hold circuit operated by a shift register to perform 
serial to parallel conversion on serial data supplied from 
the timing and control circuit 35. The circuit 34 applies 
a selection, (gating), signal to each row address con- 
ductor 14 in turn, and holds each conductor 14 at a ref- 
erence potential level in the interval between successive 
selection signals. The TFTs 20 of the picture elements 
in a row are turned on by the selection signal on their 
associated row address conductor whereupon the data 
signals present on the column address conductors 16 
are transferred to the respective display elements 21 of 
that row. Thus, the picture elements are driven in a con- 
ventional manner and light transmission through the dis- 
play elements is modulated in accordance with the level 
of the applied data signal. Each display element can pro- 
duce a range of display effects, i.e. grey scale, depend- 
ing on the value of the assigned data signal. In a variant, 
the data signals may be binary signals producing a two 
level display output, light and dark, from the display el- 
ements. In this case the column drive circuit can be of 
simplified form comprising a digital circuit, for example 
a shift register circuit with latched outputs. 

Each row of picture elements is addressed in this 
manner in sequence once in each successive field pe- 
riod. 

In order to prevent degradation of the liquid crystal 
material, the polarity of the drive voltages applied to the 
display elements is periodically inverted, in accordance 
with known practice, for example after every field. 

For reasons which will become apparent, part of the 
inverting column conductor data signals preferably is 
applied to the common electrode 23 of the display ele- 
ments so that the range of data signal voltages present 
on the column conductors 16 is minimised. 
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The ends of ^pblumn address conductors 16 re- 
mote from the circuit 36 are connected to a detection 
circuit 40 which comprises a set of sense amplifiers, 50, 
one for each column conductor, whose function is to pro- 
s vide an output indicative of whether or not individual 
sensing elements 18, have been illuminated by, for ex- 
ample, a light pen referenced at 41 in Figure 1 . The de- 
tection circuit periodically interrogates the sensing ele- 
ments to sense the charge state of their capacitors 25, 
io which for an element illuminated by the light differs from 
that for an element no so illuminated as will be ex- 
plained, and provides an output in accordance therewith 
thus identifying those sensing elements subjected to il- 
lumination from the light pen in the interval between sue- 
ts cessive addressing. The light pen 41 , which consists of 
a light source which continuously emits in operation a 
narrow, intense beam of light of a wavelength to which 
the photosensitive elements 28 of the sensing elements 
are responsive, can be moved over the display panel 
20 whereby sensing elements located under the path of 
travel of the light pen are illuminated. The detection of 
those sensing elements which have been illuminated in 
this manner, representing the pattern of the light pen 
movement, enables data or information to be written into 
25 the device. If a high resolution input is required, the size 
of the beam should be sufficiently narrow to illuminate 
only one sensing element of the array at any given time. 

Examples of the signal waveforms applied to row 
and column address conductors in operation are illus- 
30 trated in Figure 3, in which V R and Vc are respectively 
the row and column voltage waveforms. The row selec- 
tion signal comprises a pulse of duration T r and magni- 
tude V g . For the remainder of the field period T F , where 
T F can be approximately equal to m.Tr, the row conduc- 
es tor is held at a constant reference level V Q . 

Successive data signals intended for picture ele- 
ments in the same column, and having a range of pos- 
sible values according to the display effects desired, are 
indicated at Vd and applied by the column driver circuit 
40 36 to the column conductor 16 for a part only, shown at 
T2, of the duration of the selection signal. The circuit 36 
is. modified so as to present a high impedance to the 
column conductor in the intervals between successive 
data signals being applied and during these intervals a 
4S constant predetermined potential, indicated at Vx, is ap- 
plied to the column conductor by the detection circuit 40. 
Thus during the first part, T1 , of the row selection period 
Tr for a row address conductor 14 the column drive cir- 
cuit is switched to a high impedance state and during 
so the latter part, T2, of the row selection period the data 
signal Vd is applied to the column conductor 1 6 causing 
the display element 21 associated with these row and 
column conductors to be charged to a voltage, V LC , giv- 
en by: 

55 

V LC = Vd - Ve 
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where Ve is the voltage of the electrodS"23 common to 
all display elements. 

The selection signal pulse Vg applied to the row 
conductor 1 4 also turns on the TFTs 24 of the associated 
row of sensing elements 18 whereby during the period 5 
T2 the capacitors 25 of the sensing elements are 
charged to a voltage level, Vs, according to the voltage 
present on their respective column conductor, given by:- 



id 2HBbs< 



Vs = Vd - Vo 
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bearing in mind that the other side of the capacitors as 
this time is held at the reference level Vo. If the mean 
data signal voltage (Vd) is Vm and the range of possible is 
data signal voltages is 2Vn then Vs can be in the range 
(Vm + Vn - Vo) to (Vm - Vn - Vo). 

Following termination of the row selection signal 
(Vg) the TFTs 24, and the TFTs 20, are turned off, there- 
by isolating the capacitors 25 and display elements 21 , 20 
until the row is next addressed in the subsequent field 
period. 

If during the interval between successive address- 
ing a sensing element is not written into by the light, the 
charge on its capacitor 25 will be unaffected, apart per- 2s 
haps from some minor leakage. If, on the other hand, a 
sensing element is "written" with the light pen then its 
capacitor 25 will be discharged. During this interval the 
node 30 of the potential divider constituted by the pho- 
toresistor 28 and the light-shielded resistor 29 is positive 30 
with respect to the.potential of the succeeding row con- 
ductor 14. The operation TFT 27, whose gate is con- 
nected to the node 30, is controlled by the potential di- 
vider. The voltage at node 30 is normally below the gate 
threshold voltage required to turn on the TFT 27. How- 35 
ever when the intensity of light falling on the photoresis- 
tor 28 reaches or exceeds a certain value, as happens 
when the light pen is moved over the sensing element, 
the voltage at the node 30 increases and exceeds the 
threshold voltage of TFT 27 thereby turning it on and 40 
discharging the capacitor 25. The potential divider, 28 
and 29, together with the TFT 27 therefore act in com- 
bination as an optical threshold circuit which operates 
to discharge the capacitor in response to the sensing 
element being subjected to a certain minimum light in- 45 
tensity level. The component values of the control 
means can readily be selected to provide different 
threshold levels as required. At the instant this minimum 
level is reached the TFT 27 rapidly discharges the ca- 
pacitor 25. Ambient lighting levels are below this mini- so 
mum and so without light pen illumination the TFT 27 
remains off and the charge on capacitor 25 is retained. 
Thus the sensing element 18 is adapted to distinguish 
between light from the light pen and light from ambient 
surroundings and to provide a clear and definite reaction ss 
to illumination by the light pen. 

At the start of the next row selection pulse signal 
applied to the row conductor 14, i.e. at the beginning of 



period T1 , the TFTs 20 and dissociated with that row 
are again turned on. The voltage of the column conduc- 
tors 16 at this time is set by the detection circuit 40 to 
Vx and the charging current required to charge the ca- 
pacitors 25 and the display elements-21 to the column 
voltage Vx flows via the detection circuit 40 where it is 
sensed. For sensing elements which have been subject- 
ed only to ambient illumination in the preceding field pe- 
riod the amount of charging current which flows to their 
capacitors will be at most very low, bearing in mind that 
a capacitor 25 could previously have been charged to 
any voltage in the possible range of Vd, and the voltage 
across the capacitor 25 is now reset to Vx-Vo. The max- 
imum charge flowing into a capacitor 25 will be substan- 
tially in the range +2CVn to -2CVn, where C is the ca- 
pacitance. In the case where a sensing element 18 has 
been written with the light pen then its capacitor 25 is 
discharged completely so that a charge C(Vx-Vo) will 
flow into its capacitor 25. 

The sense amplifiers of the detection circuit 40, 
which may be current or charge sensing amplifiers, are 
responsive to the charges supplied to the capacitors 25 
in the period T1. After amplification in the sense ampli- 
fiers the signals produced as a result of the recharging 
of the capacitors 25 are passed to discrimination circuits 
of the detection circuit 40 whose outputs switch state 
according to whether or not that signal is indicative of a 
"written" or an "unwritten" sensing element. 

The detection circuit 40 and its manner of operation 
is the same as that described in EP-A-049 1 436 to which 
reference is invited for further details. It should be ap- 
preciated however that other forms of detection circuit 
could be employed for sensing the states of the sensing 
elements as will be apparent to skilled persons. The se- 
rial, or parallel, output of the detection circuit 40 may be 
supplied to one input of a data processing circuit, with 
an associated memory device, which provides signals 
to the column driver circuit for display purposes, in sim- 
ilar manner to that described in US-A-4345248. 

This operation of the detection circuit is repeated 
for each row of sense elements, in synchronism with the 
addressing of the rows of picture elements, so that the 
states of the array of sensing elements are determined 
over the course of the display field, the array being re- 
peatedly addressed in this manner in successive display 
fields. 

Figure 4 illustrates an alternative form of discharge 
circuit which can be used in the sensing elements. In 
this circuit, the control means controlling operation of 
the TFT 27 comprises a photovoltaic circuit rather than 
a photosensitive potential divider circuit as previously 
The photovoltaic circuit consists of at least one, and 
preferably a plurality of series connected photodiodes 

38 connected in parallel with a light shielded resistance 

39 between the gate terminal of the TFT 27 and the row 
address conductor 14 and operating in photovoltaic 
mode. The control means responds to incident light to 
generate a voltage at the gate terminal of the TFT 27 
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according to the intensity of tr^^^jdent light. The TFT 
27 is operated when the inten^Jfevel of incident light 
is such as to cause a voltage at the gate terminal at or 2. 
above the gate threshold voltage. 

The invention is, as previously stated, applicable to 5 
optical touch input devices generally. For an embodi- 
ment' oi the optical touch input device providing solely 
an optical sensing function, the structure and operation 
of the device are considerably simplified compared with 
the above-described integrated display/optical touch 10 
sensing device. The panel 10 need then only comprise 3. 
one supporting plate carrying the array of sensing ele- 
ments 18 and row and column address conductors 14 
and 16, again formed using thin film techniques as pre- 
viously described. The circuitry on this supporting plate *5 4. 
is protected by an overlying layer of optically transparent 
material, such as silicon nitride. The column driver cir- 
cuit 36 is dispensed with. The row driver circuit 34 op- 
erates as before to select the row of sensing elements, 
one at a time intum. During a row selection period, the 20 5. 
detection circuit 40 operates to apply the predetermined 
potential Vx to the column conductors, so that the ca- 
pacitors 25 of the row of sensing elements are charged 
to the level of Vx-Vo. If thereafter, and during the interval 
until that row is next selected, a sensing element in the 25 6. 
row is illuminated with the light pen its capacitor is dis- 
charged, otherwise its charge remains substantially the 
same. Detection of those sensing elements which have 
been illuminated is accomplished in a relatively simple 7. 
manner by the detection circuit 40 by sensing whether 30 
or not a charging current is required by the sensing el- 
ements at the next selection period. 
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1. An optical touch input device comprising an array 
of sensing elements (18), each of which sensing el- 
ements comprises a photosensitive device (28;38) 
responsive to a light input from a light source, a 40 
switching device (24), and a charge storage means 
(25) which is charged periodically by operation of 
the switching device, and detection means (40) 
connected to the sensing elements for detecting pe- 
riodically the state of charge of their charge storage *s 
means, the photosensitive device (28;38) being in- 
cluded in a discharge circuit connected to the 9. 
charge storage means (25), and characterised in 
that the discharge circuit (27,28,29;27,28,39) com- 
prises a switch having a light intensity operational 50 
threshold characteristic and which independently of 
the operation of said switching device (24) switches 
to discharge the charge storage means in response 
to light falling on the photosensitive device (28; 38) 
which is at or above a predetermined minimum in- 55 
tensity level and which when the light falling on the 
photosensitive element is below the predetermined 
minimum intensity level does not switch to dis- 



charge the char^pRrage means. 

A device according to Claim 1 , characterised in that 
the discharge switch circuit of each sensing ele- 
ment (18) includes switch means (27) connected 
across the charge storage means (25) and operable 
by control means (28, 29; 38, 39) comprising the 
photosensitive device (28; 38) to discharge the 
charge storage means. 

A device according to Claim 2, characterised in that 
the control means comprises a photosensitive po- 
tential divider circuit (28, 29). 

A device according to Claim 3, characterised in that 
photosensitive device comprises a photoconduc- 
tive device whose conductance varies in accord- 
ance with the level of light incident thereon. 

A device according to Claim 2, characterised in that 
the control means (38, 39) comprises photovoltaic 
means (38) which produces a voltage in response 
to light incident thereon. 

A device according to Claim 5, characterised in that 
the photosensitive device comprises at least one 
photodiode (38). 

A device according to any one of Claims 2 to 6, char- 
acterised in that the switch means (27) comprises 
a field effect transistor whose source and drain ter- 
minal are connected across the charge storage 
means (25) and whose gate terminal is connected 
to the control means (28, 29; 38, 39). 

A device according to any one of the preceding 
claims, characterised in that the device includes 
sets of row and column address conductors (14,16) 
to which the sensing elements are connected via 
their switching devices (24) and a drive circuit 
(34,36,40) connected to the sets of address con- 
ductors for charging periodically the charge storage 
means via their associated switching devices by 
means of drive signals applied to the sets of ad- 
dress conductors. 

A device according to Claim 8, characterised in that 
the switching device (24) of each sensing element 
(18) comprises a field effect transistor which is op- 
erable by selection signals applied by the drive cir- 
cuit (34,36,40) to an address conductor (14) of one 
set to connect the charge storage means (25) of the 
sensing element to an address conductor ( 1 6) of the 
other set through which charging current is supplied 
to the charge storage means, and in that the detec- 
tion means (40) is arranged to sense the charging 
current supplied to the charge storage devices upon 
operation of the switching device (24). 
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10. A combined input and output devW^comprising an 
optical touch input device as claimed in any one of 
the preceding claims together with an array of dis- 5. 
play elements (21), each having a display element 
electrode (22), for providing a display output, and $ 
in which the array of sensing elements (18) is inte- 
grated with the array of display element electrodes 
(22) on a common support. 6. 



Patentanspruche 



Anordnung nach Anspruch 3, dadurch gekenn- 
zeichnet, daB die photoempfindliche Anordnung ei- 
ne photoleitende Anordnung aufweist, deren Leitfa- 
higkeit entsprechend dem Pegel des darauf treffen- 
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7. 



1. Optische Beruhrungseingabeanordnung mit einer 
Anordnung von Fuhlelementen (18), wobei jedes 
Fuhlelement eine photoempfindliche Anordnung 15 
(28; 38) aufweist, die empfindlich ist fur eine Licht- 
eingabe von einer Lichtquelle, mit einer Schaltvor- 
richtung (24) und mit einem Ladungsspeichermittel 
(25), das periodisch durch einen Vorgang der 
Schaltvorrichtung aufgeladen wird, und mit Detek- 20 8. 
tionsmitteln (40), die mit den Fuhlmitteln verbunden 

sind zur periodischen Detektion des Zustandes der 
Ladung der Ladungsspeichermittel, und wobei die 
photoempfindliche Anordnung (28;38), die einen 
Teil einer Entladungsschaltungsanordnung bildet, 2s 
mit den Ladungsspeichermitteln (25) verbunden ist, 
dadurch gekennzeichnet, daB die Entladungs- 
schaltung (27, 28, 29; 27, 38, 39) einen Schalter 
aufweist mit einer Lichtintensitatsoperations- 
schwellencharakteristik, und die unabhangig von 30 
der Wirkung der genannten Schaltvorrichtung (24) 
umschaltet zum Entladen der Ladungsspeichermit- 9. 
tel in Antwort auf Licht, das auf die photoempfindli- 
che Anordnung (28;38) fallt, die sich auf einem vor- 
bestimmten minimalen Intensitatspegel befindet 35 
oder etwas daruber und die, wenn das auf das pho- 
toempfindliche Element auftreffende Licht unter- 
halb eines vorbestimmten minimalen Intensitatspe- 
gels liegt, die Ladungsspeichermittel nichtzum Ent- 
laden umschaltet. 40 

2. Anordnung nach Anspruch 1, dadurch gekenn- 
zeichnet, daB die Entladungsschaitung jedes Fuh- 
lelementes (18) Schaltmittel (27) aufweist, die uber 

die Ladungsspeichermittel (25) verbunden sind und 4$ 
durch Steuermittel (28, 29; 38, 39) mit der photo- 10. 
empfindlichen Anordnung (28;29) zum Entladen 
der Ladungsspeichermittel betrieben werden kon- 
nen. 

so 

3. Anordnung nach Anspruch 2, dadurch gekenn- 
zeichnet, daB die Steuermittel ein photoempfindli- 
che Potentialteilerschaltung (28;29) aufweisen. 
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den Lichtes variiert. 



Anordnung nach Anspruch 2, dadurch gekenn- 
zeichnet, daB die Steuermittel (38,39) Photozellen 
(38) aufweisen, die eine Spannung erzeugen in 
Antwaort auf darauf treffendes Licht. 

Anordnung nach Anspruch 5, dadurch gekenn- 
zeichnet, daB die photoempfindliche Anordnung 
wenigstens eine Photodiode (38) aufweist. 

Anordnung nach einem der Anspruche 2 bis 6, da- 
durch gekennzeichnet, daB die Schaltmittel (27) ei- 
nen Feldeffekttransistor aufweisen, dessen Sour- 
ce-Elektrode und Drain-EIektrode uber die La- 
dungsspeichermittel (25) verbunden sind und des- 
sen Gate-Elektrode mit den Steuermitteln (28, 29; 
38, 39) verbunden sind. 

Anordnung nach einem der vorstehenden Anspru- 
che, dadurch gekennzeichnet, daB die Anordnung 
Satze von Reihe- und SpaltenadreBleitern (14,16) 
aufweist, mit denen die Fuhielemente uber die 
Schaltanordnungen (24) verbunden sind und daB 
mit den Satzen von AdreBleitem zur periodischen 
Ladung der Ladungsspeichermittel uber die zuge- 
ordneten Schaltanordnungen mittels Treibersigna- 
le, die den Satzen von AdreBleitem zugefuhrt wer- 
den, eine Treiberschaltung (34,36,40) verbunden 
ist. 

Anordnung nach Anspruch 8, dadurch gekenn- 
zeichnet, daB die Schaltvorrichtung (24) jedes Fuh- 
lelementes (18) einen Feldeffekttransistor aufweist, 
der durch Selektionssignale betrieben wird, die 
durch die Treiberschaltung (34,36,40) einem 
AdreBleiter (14) eines Satzes zugefuhrt werden 
zum Verbinden der Ladungsspeichermittel (25) des 
Fuhlelementes mit einem AdreBleiter (16) des an- 
deren Satzes, uber den Ladungsstrom zu den La- 
dungsspeichermitteln zugefuhrt wird, und daB die 
Detektionsmittel (40) den der Ladungsspeicheran- 
ordnung zugefuhrten Ladungsstrom fuhlen im Be- 
trieb der Schaltvorrichtung (24). 

Kombinierte Eingabe- und Ausgabeanordnung mit 
einer optischen Beruhrungseingabeanordnung 
nach einem der vorstehenden Anspruche zusam- 
men mit einer Anordnung von Wiedergabeelemen- 
ten (21), die je eine Wiedergabeelementelektrode 
(22) haben zum Liefern eines Wiedergabeaus- 
gangssignals, und wobei die Anordnung von Fuhl- 
elementen (18) mit der Anordnung von Wiederga- 
beelementelektroden (22) auf einem gemeinsamen 
Trager integriert sind. 



15 



EP 0 509 589 B1 



16 



Rovendications 



1 . Dispositif d'entree tactile optique comprenant un re- 
seau d'eiements de detection (18), qui compren- 
nent chacun un dispositif photosensible (28; 38) 
reagissant k une entree de lumiere provenant d'une 
source lumineuse, un dispositif de commutation 
(24) et un moyen de stockage de charge (25), qui 
est charge periodiquement par le fonctionnement 
du dispositif de commutation, et un rnoyen de d6- 
tection (40) connects aux elements de detection 
pour detecter periodiquement I'etat de charge de 
leurs moyens de stockage de charge, le dispositif 
photosensible (28; 38) etant compris dans un circuit 
de d6charge connects au moyen de stockage de 
charge (25) et caracterise en ce que le circuit de 
decharge (27, 28, 29; 27, 38, 39) comprend un com- 

" mutateur ayant une caracteristique de seuil opera- 
tionnel d'intensite lumineuse et qui, independam- 
ment du fonctionnement du dispositif de commuta- 
tion (24), commute afin de d6charger le moyen de 
stockage de charge en reaction a la lumiere tom- 
bant sur le dispositif photosensible (28; 38) qui est 
egale ou superieure k un niveau d'intensite mini- 
mum predetermine et qui, lorsque la lumiere torn- 
bant sur ('element photosensible est inferieure au 
niveau dlntensite minimum predetermine, ne com- 
mute pas pour decharger le moyen de stockage de 
charge. 

2. Dispositif suivant la revendication 1 , caracterise en 
ce que le circuit de commutation de decharge de 
chaque element de detection (18) comprend un 
moyen de commutation (27) connecte aux bomes 
du moyen de stockage de charge (25) et pouvant 
§tre actionne par le moyen de commande (28, 29; 
38, 39) comprenant le dispositif photosensible (28; 
38) pour decharger le moyen de stockage de char- 
ge. 

3. Dispositif suivant la revendication 2, caracterise en 
ce que le moyen de commande comprend un circuit 
diviseur de tension photosensible (28, 29). 

4. Dispositif suivant la revendication 3, caracterise en 
ce que le dispositif photosensible comprend un dis- 
positif photoconducteur dont la conductance varie 
conformement au niveau de la lumiere incidente. 



7. Dispositif suivant^^^ quelconque des revendica- 
tions 2 & 6, caracterise en ce que le moyen de com- 
mutation (27) comprend un transistor a effet de 
champ dont les bomes de source et de drain sont 

5 connectees aux bornes du moyen de stockage de 
charge (25) et dont la borne de la grille est connec- 
tee au moyen de commande (28, 29; 38, 39). 

8. Dispositif suivant Tune quelconque des revendica- 
10 tions precedentes, caracterise en ce que le dispo- 
sitif comprend des jeux de conducteurs d'adressa- 
ge de lignes et de colonnes (14, 16) auxquels des 
elements de detection sont connectes via leurs dis- 

- positifs de commutation (24) et un circuit d'excita- 
*s tion (34, 36, 40) connecte aux jeux de conducteurs 
d'adressage pour charger periodiquement le 
moyen de stockage de charge via leurs dispositifs 
de commutation associes au moyen de signaux 
d'excitation appliques aux jeux de conducteurs 
20 d'adressage. 

9. Dispositif suivant la revendication 8, caracterise en 
ce que le dispositif de commutation (24) de chaque 
element de detection (18) comprend un transistor k 

25 . effet de champ qui peut etre actionne par des si- 
gnaux de selection appliques par le circuit d'excita- 
tion (34, 36, 40) k un conducteur d'adressage (14) 
d'un jeu de conducteurs pour connecter le moyen 
de stockage de charge (25) de I'eiement de detec- 

30 tion k un conducteu r d'adressage ( 1 6) de I'autre jeu 
de conducteurs, par lequel le courant de charge est 
fourni au moyen de stockage de charge, et en ce 
que le moyen de detection (40) est k meme de de- 
tecter le courant de charge fourni aux dispositifs de 

35 stockage de charge lors du fonctionnement du dis- 
positif de commutation (24). 

10. Dispositif combine d'entree et de sortie comprenant 
un dispositif d'entree tactile optique suivant I'une 

40 quelconque des revendications precedentes avec 
un reseau d'eiements d'affichage (21 ), ayant cha-- 
cun une electrode (22) d'eiement d'affichage, des- 
tine k deiivrer une sortie d'affichage, et dans lequel 
le reseau d'eiements de detection (18) est integre 

45 au reseau d'eiectrodes (22) d'eiement d'affichage 
sur un support commun. 



5. Dispositif suivant la revendication 2, caracterise en so 
ce que le moyen de commande (38, 39) comprend 
un moyen photovoltaique (38) qui produit une ten- 
sion en reaction k la lumiere incidente. 



6. Dispositif suivant la revendication 5, caracterise en ss 
ce que le dispositif photosensible comprend au 
moins une photodiode (38). 
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